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Display device . 


The invention relates to a display device comprising a first substrate which is 
provided with a conductor pattern for connecting pixels in an electrically conducting manner. 
A conductor pattern may be understood to mean both a pattem of exclusively column and row 
conductors and a more extensive pattem in which drive ICs are incorporated. 
5 Such display devices, notably liquid crystal display devices, are very generally 

used in, for example, measuring equipment but also in, for example, portable telephones. 
Moreover, electroluminescent display devices based on (organic) LEDs find an increasingly 
wider application. 


With the on-going miniaturization of electronics, it is possible, on the one hand, 
to realize more standard drive electronics on the substrate. On the other hand, the need for 
offering customer-oriented solutions, realizing, for example extra functions, increases 
□ simultaneously. Parts of the conductor pattem on the first substrate then become so long that, 

r-=J 15 due to their length, they have a too high resistance. The voltage loss caused thereby leads to 
too low drive voltages at the area of the pixels, which is at the expense of the correct 
adjustment of the grey scale or may even lead to non-excitation of the pixel. 

20 It is, inter alia, an object of the invention to provide a display device ofthe-type- 

xlescribed^above, in which, in a reliable manner, the surface of the first substrate is provided 
with low-ohmic conductors which are connected to the exterior while simultaneously 
obtaining a maximum freedom of design. 

To this end, thejn^^n^ is characterized in that at least a part of the substrate 
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1 o this end, the invention is choractcnzed m that at least a part or the substrate ^ , / j n 
of a^oiTis provided with electrically conducting patterns on both sides of the^eftrwnich 


patterns are mutuallj^ thro^gh-cogne9Jt^^injai^ electrically conducting manner via at least one 
opening in the^ 

The conductor patterns are preferably realized as metal patterns, with each of 
the metals being chosen from the group of gold, silver and nickel. The conductor pattem may 
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assume any desired shape. Due to the choice of the low-ohmic metals as a material for the 
conductor pattems, the length of a conductor track does not have any influence or hardly has 
- ~ any influence on the resistance. This means that the conductor pattems can be laid around the 
display section, if desired, and can be connected at any arbitrary place with a conductor for a 
5 further (external) contact, for example, a connector. 

A first embodiment of a display device according to the invention is 
characterized in that the conductor pattern on the first substrate is connected to an electrically 
conducting pattern on the foil at the area of a through-connection. By providing the through- 
connections just along an edge of the actual display section (i.e. close to the pixels), the 
10 resistance of the conductor pattern (usually ITO tracks) hardly influences the total resistance. 

A further embodiment of a display device according to the invention is 
characterized in that the foil is flexible. Direct external contacts can be realized via such a 
flexible foil, but alternatively, such a foil can be bent around an edge of the substrate, with the 
conductor pattem being connected in a customary manner (for example, via anisotropic 
\m5 conductance) to a metallization pattem of, for example, a printed circuit board, 
r J Another embodiment of a display device according to the invention is 

1;^ characterized in that electrically conducting pattems on both sides of the foil form a cross- 
ing connection. The use of such cross-connections further increases the number of possibilities of 
■li designing the circuit to be realized on the foil. 


effects or other electro-optical effects, in which an electro-optical material is present between 
two substrates. Such an embodiment is characterized in that the display device comprises a 
second substrate and an electro-optical material between the two substrates, each provided 
with picture electrodes defining pixels together with the interpositioned electro-optical 
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The invention is applicable to display devices which are based on liquid crystal 
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material. 


The display device may also be based on an electroluminescent effect. 
These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 
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vin t he drawing s: 

Fig. 1 is a diagrammatic plan view of a part of a first embodiment of a display 


device according to the invention, 

Fig. 2 is a diagrammatic cross-section taken on the line II-II in Fig. 1, 
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Fig. 3 shows diagrammatically a valiant of a part of Fig. 2, 
Fig. 4 shows another variant of a part of Fig. 2, 
^ _ Fig. 5 is a diagrammatic plan view of a part of a second embodiment of a 

display device according to the invention, while 
5 Fig. 6 is a diagrammatic cross-section taken on the line VT-VI in Fig. 5, and 

Figs. 7 and 8 are cross-sections taken on the lines VU-VTI and VIII- Vin in Fig. 

5. 

The Figures are diagranmiatic and not to scale; corresponding components are 
generally denoted by the same reference numerals. ^p£j^4:^)^-^^^ ^3^6^ 
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Fig. 1 is a diagrammatic plan view and Fig. 2 is a cross-section of a part of a 
'-yz^ display device, in this example a liquid crystal display device comprising^ li^id crystal ^^^Qj^jy^y^ 

with a twisted nematic liquid crystal material 2 which is present between uvotransparent 
1.1 15 substrates 3, 4 of, for example, glass or synthetic material, provided with electrodes 5, 6 in this 

i 

embodiment. The device further comprises polarizers (not shown) whose direction of 
M polarization is, for example, mutually crossed perpendicularly. The device also comprises 
Q orientation layers (not shown) which orient the liquid crystal material on the inner walls of the 

substrates, in this embodiment in such a way that the cell has a twist angle of 90 degrees. In 
Lfi20 this embodiment, the liquid crystal material has a positive optical anisotropy and a positive 
dielectric anisotropy. When the electrodes 5, 6 are energized with an electric voltage, the 
molecules, and hence the directors, direct themselves to the fields. The cell 1 is bounded by a 
cell wall or sealing edge 7. 

The transparent electrodes 5, 6 of, for example, ITO (indium tin oxide) which 
25 mutually cross each other in this embodiment and define pixels at the area of the crossings 
must be provided with drive voltages. These may be applied externally, for example, via 
conducting tracks on a support, for example a printed circuit board. 

In the embodiment shown in Fig. 1, the electrodes 5 are provided with drive 
voltages by means of a drive circuit (IC) 12 mounted on the first substrate 3. The electrodes 5 
30 (and, by means of methods customary in LCD technology, also the electrodes 6) are connected , 

^ via bumps 13. Other bumps 13 contact conductor patterns 14' on ^^foit 15. According to the 
CX . invention, the^^^l^f^OT e^an^^ is provided wiUi a conductor pattern on both 

Qk ^ sides. In this embodiment, the^^I is flexmle ln3S?5s?meffi^ on one side, for example, 
a gold pattern 14 which defines connecting conductors. The gold pattern 14' on the other side 
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consists of contact areas only in this embodiment, which are connected in an electrically 
conducting manner to the pattern 14 via through-connections (or vias) 16. If necessary, the 
contact areas 14' are connected via conductors 5' to the bumps 13. The conductors 5' are not 
necessarily made of ITO but may be altematively made of a metal or form part of a pattern of 
5 polysilicon tracks when (LT) poly-transistors instead of the drive IC are used for the 
connection. 

In the embodiment of Fig. 3, use is made of an extra anisotropic conductor 16, 
in this embodiment a polyimide copper foil with for example conducting copper tracks 
transverse to the foil, for the electrical contact between the conductor 14* and the conductor 5 

10 (now .here is no IC 12). kLnOOO/ StxiOSUCL/e. 

, Fig. 4 shows a variant in which the^^feit 15 with conductors 14 (as described 

above) extends as far as the edge 17 of the substrate 3. Fig. 4 clearly shows that a foil as 
described with reference to Fig. 2 can be bent around the substrate 3 so as to contact conductor 
tracks 19 on the surface of, for example, a printed circuit board 20,Tor example, via 
,315 anisotropic conductors 18. ,^ _ ^ ''^^4^^2L/^-- 


Fig. 5 and Fig. 6 show a variant in which ^^^roff iTbnthe substrate 3 has 
openings (denoted by means of dot-and-dash lines 21) for a display device 1 (for example, a 
□ poly LED display device or, as in this embodiment, an LCD display device) and an IC 12. The 
:r conductors 5, 14, 14' are shown arbitrarily for the sake of the example but are considered to 
iMO form a functional whole. As is apparent from Fig. 5, it ^pos^Ie to provide a pattern of 
f 4^ ^ conductors 14 on the surface of th , wmch pattern contactsTne pattern 14' at the area of 

vias (through-connections) 16. In this manner it is possible, on the one hand, to contact the 
conductor tracks 5, analogously to Fig. 3. On the other hand, it is possible to locally interrupt a 


. conductor track 14 at the area of vias on one side of the-^l-HManano realizeTrfe aomeciion 


(X^ 25 via through-connections 16 to a conductor track 14' on the other side of the loH iS.XFigures 
(X- 7,8). In this embodiment, the greater part of th^^^i^t^^l^^j^^ conductor 
(X patterns 14, 14' and the^rough-connections) is secured to the substrate ^for example, by 
means of an adhesive connection. If desired, all connections to external contacts may be 
realized on one side of the substrate, but connections from different sides are altematively 
.30 possible. Since the conductor pattem 14 is made of a low-ohmic material (gold, silver, nickel), 
there is a great freedom of design, while voltage losses due to long conductor tracks do not 
occur or hardly occur. 

The invention is of course not limited to the embodiments shown, but many 
variations are possible within the scope of the invention. For example, instead of liquid crystal 
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material, other electro-optical materials such as electrophoretic or electrochromic materials 
may be used. 

In summary, the invention relates to the use in a display device (LCD, OLED) 
of a (flexible) foil which is provided on both sides with low-ohmic, interconnected conductor 
patterns, thus providing a great freedom of design. 

The invention resides in each and every novel characteristic feature and each 
and every combination of characteristic features. 


